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Abstract 
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1 Introduction 


Study of the electromagnetic properties of baryons constitutes very important source of 
information in exploring their internal structure, and can provide valuable insight in un¬ 
derstanding the nonperturbative aspect of QCD. In recent years, study of the properties of 
heavy baryons has become a subject of growing interest due to the experimental observa¬ 
tion of many heavy baryons. All ground state baryons containing single charm and bottom 
quarks, except Ql baryon, are observed and their masses are measured (for a review, see 
[1]). Moreover, a number of negative parity baryons have also been observed. 

These exciting experimental results have stimulated the theoretical studies along these 
lines. The mass and magnetic moments of the heavy baryons can serve useful information 
about their inner structure. Experimentally the magnetic moments of all members of the 
octet ^ baryons (except baryon), and two members of the decuplet ^ 

baryons are measured [ 1 ]. 

The magnetic moments of the ^ light and heavy baryons have extensively been 

calculated in numerous theoretical approaches. The approaches based on naive quark model 
in [2,3], relativistic quark model[4], nonrelativistic quark model[5], chiral quark model [ 6 ], 
chiral perturbation theory [7], hypercentral model [ 8 ], soliton model [9] traditional [10] and 
light version of the QCD sum rules method (LCSR) [11-14] have been employed in studying 
the masses and magnetic moments of the heavy baryons. The magnetic moments of the 
negative parity heavy baryons has recently been considered within the framework of the 
LCSR method in [15]. 

In this work, we extend our analysis to determine the magnetic moments for the 
Aq and Eq —)■ Eq transitions between the negative parity baryons. 

In the following section we derive the light cone sum rules for the magnetic moments 
of the aforementioned transitions. Section 3 is devoted to the numerical analysis of the 
obtained sum rules for the transition magnetic moments. A comparison of our predictions 
with the results from other approaches is given also. 

2 Theoretical framework 

Following the philosophy of the QCD sum rules, the magnetic moments of the Sq —)■ Aq 
and E'q — )■ Eq transitions of the baryons with negative parity can be obtained in LCSR by 
matching two representations of the relevant correlation function written in terms of the 
hadronic and quark-gluon languages. For this purpose we use the correlation function 

Il{j),q) = i j (0 |T{77Q(a;)r/Q(0)}|0)^ , (1) 

where 7 is the external electromagnetic held, t]q is the interpolating current of the heavy 
baryon with single heavy quark. This correlation function can be calculated at hadronic 
level by inserting a complete set of hadrons carrying the same quantum numbers of the 
correlation function, and isolating the contributions arising from the ground states which 
have poles in and {p + The interpolating current can interact with both negative 
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and positive parity baryons, therefore it can be written in the following form, 
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where and m^(±) correspond to positive (negative) parity baryons and their masses, 
respectively; q is the photon momentum; and dots correspond to the higher states contri¬ 
butions. 

The matrix elements in Eq. (2) are dehned as, 
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where is the four-polarization vector. 

Performing summation over spins of the heavy baryons, for the correlation function from 
the hadronic side we get, 

n(p,g) = ^4(^2 + m (+)) ^(^1 -4 m (+)) 
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where pi = p + q and p 2 = p. 
Among the terms in Eq. (4) 
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that are proportional to 7 ^, the hrst two correspond to the magnetic moments of the positive 
to positive, negative to negative transitions, respectively; and the third and the fourth ones 
describe the transition magnetic moments between positive and negative parity baryons 
at = 0. Our aim in the present work is to calculate the transition magnetic moment 
between the negative parity baryons, and therefore we should hnd a way to remove the 
other three contributions. 

In order to determine the transition magnetic moments between negative parity baryons 
four equations are needed, for which we choose the following four Lorentz structures, {e-p)A 
A-p)A M Solving hnally these four coupled equations, we obtain the unknown 

coefficient B which describes the negative to negative parity transition. 

It follows from Eq. (1) that interpolating currents are needed in order to calculate the 
correlation function in terms of quarks and gluons. Here, it should be remembered that 
hadrons containing single heavy quark belong to either sextet or anti-triplet representations 
of SU{3). Sextet (anti-triplet) representation is symmetric (antisymmetric) with respect to 
the exchange of light quarks. In constructing the interpolating currents belonging to sextet 
and anti-triplet representations we will use this fact, whose explicit forms are given as (see 
| 16 ]). 

>)'■> = -^£“‘'{(<(7c’ 0'')75<(| + ((A+ (Acg‘)75<(; + (qf C'kqA . 

>)<“> = -^£“‘“{ 2(97 C9S)750= + 2t{qfCl!,4)(f + (qfCQ’-Yn.qi 

+ t(qfC'if,Ct)qi - (qfC(f 'H,qt - tiqfCj^QH } ■ (6) 
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In this expression a, b, c are the color indices; C is the charge conjugation operator; and t 
is a free parameter (the choice t = —1 correspond to the Ioffe current). The light quark 
contents of the heavy Eg, Hg, Ag and Sg baryons are presented in Table (1). 
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Table 1: Light quark contents of the heavy Eg, Eg, Ag and Eg baryons. 

Having the interpolating currents containing single heavy baryon at hand, the correla¬ 
tion function can easily be calculated. The correlation functions describing the sextet to 
anti-triplet transition magnetic moments in the light cone version of the sum rules contain 
the following contributions. The photon interacts with light or heavy quarks perturbatively. 
This contribution can be obtained by replacing one of the free quark operators by, 


Sfree^x) - y)^iy)y^ 




(7) 


and the other two propagators are taken as the free quark operator. In Eq. (7) the Fock- 
Schwinger gauge, i.e., has been used. The other type of contribution can be 

calculated by replacing one of the propagators in the same manner as is given in Eq. (7), 
and replacing the other one (or both) by the “full” light quark operator. 

Last type of contribution is the nonperturbative one, that can be obtained by replacing 
one of the light quark operators with, 

St ^ -i (9‘T.«‘) , (8) 

where Tj are the full set of Dirac matrices; and the remaining two other propagators are 
taken as the full quark propagators. In calculating these contributions, the expressions of 
the light and heavy quark propagators in external held are needed. The light cone expansion 
of the propagator in external held is performed in [17], and it is found that the contributions 
of the three-particle qGq, and the four-particle qG^q, qqqq nonlocal operators are small. 
Keeping this fact in mind, the expressions of the light and heavy quark propagators in 
external held are given by. 
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Here A is the cut-off energy separating the perturbative and nonperturbative regions, Ki 
are the modihed Bessel functions. 

It should be noted here that, in the expression (8) which is used to calculate nonpertur¬ 
bative contributions, there appears the matrix elements of the nonlocal operators between 
vacuum and one photon states of the form ( 7 (q')|?rig| 0 ), in which all nonperturbative ef¬ 
fects are encoded. These matrix elements are given in terms of the photon distribution 
amplitudes as [18], 
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where tp^{u) is the leading twist-2, '^^(m), '*/'“(«), A and V are the twist-3, and h^{u), A, 
Ti {i = I, 2, 3, 4) are the twist-4 photon DAs, and x is the magnetic susceptibility. The 
measure Pa,- is dehned as 
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As has already been noted, in determination of the magnetic moment responsible for 
the negative to negative parity transition, four equations are needed, and for this purpose 
we choose the coefficients of the structures {e-p)I, {e-p);^, and The sum rules for 
the negative to negative parity transition magnetic moments can be obtained by choosing 
the coefficients of the aforementioned Lorentz structures 11*, and equate them to the corre¬ 
sponding coefficients in hadronic part. Solving then the linear equations for the coefficients 
describing the negative to negative transition magnetic moments, and performing Borel 
transformation over the variables —p^ and —{p + qY in order to suppress higher states and 
continuum contribution, we dually obtain the magnetic moment for the negative to negative 
parity baryon transitions as is given below. 
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In this expression we take Mf = M| = 2M^, since the masses of the Sq, Ag, Sg and Sg 
baryons are very close to each other. The expressions of Ilf are presented in Appendix A. 

It follows from Eq. (11) that in determination of the magnetic moments of the Sg —)■ Ag 
and Sq —)■ Sg transitions, the residues of the negative parity heavy baryons are necessary. 
These residues can be determined from the analysis of the two-point correlation function 

U{q‘^)=i [ d*xe"‘^^{0\T{pQ{x)f]Q{0)}\0) , 


where pq is the interpolating current for the corresponding heavy baryon given by Eq. (6). 
This interpolating current interacts with both positive and negative parity heavy baryons. 
Saturating this correlation function with the ground states of positive and negative parity 
baryons we have. 
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Eliminating the contributions coming from the positive parity baryons, the following sum 
rules for the residue and mass of the negative parity baryons are obtained, 

IV-)P =---^[mB(+)Imnf (s) - Imllf (s)] , 

J^2 sdse~^/^^ [mB(+)Imnf^(s) — Imn^(s)] 

/m2 dse-^/^'' [ms(+)Imn^(s) - Imn^(s)] 

Q 

Here Hf^ and H^ are the invariant functions corresponding to the structures ^ and /, 
respectively. The expressions of and H^ for the Eg baryon are presented in Appendix 

B. 

3 Numerical analysis 

In this section we present our numerical results for the magnetic moments of the Sq —)■ Ag 
and Hg —)■ Sg transitions for negative parity baryons derived from the LCSR. In this 
numerical analysis the values of the the values of the relevant input parameters entering 
to the LCSR are needed. The main nonperturbative input of LCSR is the DAs which 
are all calculated in [18], and for completeness we present their expressions in Appendix 

C. The other input parameters needed in the numerical analysis are, quark condensate 

{qq)i ml, magnetic susceptibility y of quarks, etc. In further numerical calculations we 
use [{uu) = = -(0.243)3 GeV^ [19], (ss)|/,=i cev = 0.8(hu)|^=i cev, ml = 

(0.8 ± 0.2) GeV^ [20]. The magnetic susceptibility was determined within the QCD sum 
rules in [21-23]). 

Having all necessary ingredients at hand, we are now ready to perform the numerical 
analysis for the transition magnetic moments of the negative parity baryons. Sum rules 
contain also three auxiliary parameters in the interpolating current other than those in¬ 
put parameters given above: Borel mass parameter M^, continuum threshold sq, and the 
arbitrary parameter t. We demand that the magnetic moment should be independent on 
these auxiliary parameters. Therefore we shall look for the “working regions” of these pa¬ 
rameters, where magnetic moments exhibit good stability with respect to their variations 
in respective domains. It should be remembered that the continuum threshold Sq is not 
arbitrary but related to the hrst excited states. The difference — mground is the energy 
needed to transfer the baryon to its hrst excited state. Usually this difference varies in the 
range 0.3 GeV < — mground < 0.8 GeV, and in our analysis we choose the average 

value - mground = 0.5 GeV. 

Having determined the value of sq, next we try to hnd the “working regions” of the 
Borel parameter M^. The upper bound of is obtained by demanding that contributions 
of higher states and continuum constitute about 40% of the perturbative part.The lower 
bound is determined from the condition that higher twist contributions are less than the 
leading twist contributions. Our analysis shows that the working regions of where both 
conditions are satished are 

2.5 GeV"^ <M^ < 4.0 GeV\ for A„ , 

4.5 GeV^ <M^ < 7.0 GeU^ for Sf,, E'^, A^, Sf, . 
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As an example, in Figs. (1) and (2) we present the dependence of at several 

fixed valnes of the arbitrary parameter t, at sq = 40.0 GeV^ and sq = 42.5 GeV^. We 
observe from these hgnres that transition magnetic moment exhibits good stability when 
varies in the region 3.0 GeV^ < < 4.0 GeV^. In Figs. (3) and (4) we present 

the dependence of cos 9 (where t = tan^ at two hxed valnes of and at 

So = 40.0 GeV"^ and sq = 42.5 GeV^, respectively. We see from these hgnres that, when 
cos 9 varies in the domain —1.0 < cos 9 < —0.7, the magnetic moment demonstrates good 
stability with respect to the variation in cos 9. Onr hnal resnlt for the transition magnetic 
moment is = (—0.3 ± 0.05)pAr. 

The analysis of the snm rnles for the other transition magnetic moments are also calcn- 
lated, whose valnes can be snmmarized as, 

hE+^A+ ~ (0.25 ± 0.05)p,Ar , 

= (0.08 ± 0.01)/iAr , 

~ (0.20 ± 0.05)pAr , 

= (—0.008 i 0.001)/i/v' , 

= (0.10 ± 0.01)yUAr , 

where npper signs correspond to the electric charge of the corresponding negative parity 
baryons. It can easily be seen from these resnits that the transition magnetic moments 
between the nentral S' and S baryons are very close to zero. The magnetic moments for 
the A+ and S'j(^ —)■ S^ transitions are very close to each other which follows from 

SU{3) symmetry argnments. 

In conclnsion, the transition magnetic moments of the negative parity, spin-1/2 heavy 
baryons are estimated within the QCD snm rnles. The contribntions coming from the 
positive to positive, as well as positive to negative parity transitions are eliminated by 
constrncting various sum rules. It is obtained that the magnetic moments between neutral, 
negative parity heavy Sq and Sq baryons are very small. Moreover, it is found that the 
magnetic moments for the Eg —)■ Aq and —)■ Sg transitions of the negative parity heavy 

baryons are quite large and can be measured in future experiments. 



Appendix A 

In this Appendix we present the expressions of the invariant functions Ilf appearing in the 
sum rules for the magnetic moment of —)■ transition. Here in this appendix, and in 
appendix B the masses of the light quarks are neglected. 
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2) Coefficient of the {e-p)f^ structure 
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+ 271 (Ti, 1) + 371 (r2,1) - 271 (Ts, 1) - 3h{%, 1) - 671(5,7;) - 271 (5,7;) - 47i(r2,7;) 

+ 47i(73, v) + 16j{hy — A' [uq) + t — 27i(7i, 1) + 37i(72, 1) + 27i(73, 1) — 37i(74, 1) 

- 271 ( 5 , 7 ;) - 671 ( 5 , 7 ;) -47i(7i,7;) +47 i(7I,7;) + Sj{hy +A\uo) | 

- 2304 ^^ 2 ^ t)(9sG^) Mss) - es{uu)) + 3(11 + 5t)ebmlrnle^^^^^^ {(ss) 

+ 2/3^mo7r^ {eu{ss) - es{uu)) 2(11 + (uq) + (2 + 5t)7/;“'(77o) | • 


( 7777 ) )Xi 
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4) Coefficient of the ^ structure 


nf = ^^(1 + t + - eu)mtM^ (-X 3 + mlX^) 


128^37 

1 

128^37 

1 

32^377^ 


-{es - eu)fz^mlM^ [-3(1 + + 4(1 + t + t^)mlXz] i 2 {A, v) 

-(es - eA)h^rnlM^ [-3(1 + + 2(1 + At + t^)mlX-i] 73 (V, v) 

;(1 + t + t^){es - e„)/3^mfeM% [4 ?/;"’(mo) - ^“'(^o)] 


^^(-1 + t^)mlM^ (e^(ss) - eu{uu)) x {^2 - mlX^^) ^'^{uq) 

1536V3m ^ {es{ss) - e^(wu)) x (-1 + 

+ t + [(cfe + e„)(ss) - (e?, + es){uu)]X 3 


16^37 


128772^ 

1 

128^37 


-1 + {es{ss) - e„(m))Xi [7i(7I,l) +ii(7^, 1)] 

-(-1 + t)mbM* ies{ss) - e^.(MM))Xi|(5 + t)ii{S, 1) 


— (1 + 5t) 7 i(5, 1) + 7i(72, 1) — (5 + t)7i(74, 1)| 

“ 753y^^4^^^2{ - (1 +1 + t^)es{glG‘^) + (1 +1 + t^)eu{glG'^) 

— 48(— 2 + t + t^'jebmb'iv'^ {{ss) — (uu)) + 3(— 1 + t)mfe77^ {es{ss) — eu{uu)) 
X [2(—1 + 7t) (ii{S, 1) + 7i(72, 1)') + 2(—7 + t) {ii{S, 1) — 7i(74,1)) 


+ 8(2 + t)ii{S,v) - 4(-l + t)ii{S,v) + 8f7i(74, v) + 4(3 + t) [ii{T 2 -,v) - 2j(/i^ 
+ 3(1 + t) (—4(7i(7i, 1) + 7i(73, v)) + A'(mo)) I 

-mllM"^ 

- 9216 ^ 7 ^ 2 ^"^ ^ ~ (iu)h^{glG‘^)M‘^ [i 2 {A, v) - 72(V, t;)] 

- 92i6V3m 7r2 ^~^ ^ iG{ss) - eu{uu)) |4(-1 + t)H{S, 1) 

+ 2[2(-l + tMS, 1) - 3(1 + t)7i(ri, 1) - 2h{T2, 1) + 37i(r3,1) 


(-1 + t){glG^)M^ (es(ss} - eu{uu)) { 4(-l + t)ii{S, 1) 


+ 2(^7i(71,1) +47i( 5,7;) + 71(5,7;) + 37i(7^,7;) -37i(7i,7;) -6j{h^)j 
+ ^^ 27 i( 72 , 1 ) + 3 ii(l~ 3 , 1 ) — 27 i( 74 , 1 ) + 47 i( 5 , v) — 2 ii{S, v) + 27 i( 72 , v) 
- 6ii{T3,v) + Aii{T4,v) -Aj{h^))] + 3(1 + t)A'(77o)| 
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128y37r2 


1 + t ){7 + ht)mlmlM^ {eu{ss) - es{uu))l 2 


_ j 

' 2 + t + {eu{ss) - es{uu)) \{glG‘^) (l - 


384\/3mfe7r2 
- Qmlml + 32/3^mfe7rV’'(Mo) 


+ 

+ 

+ 


^-mllM'^ 


-Xl + t + t )(e, - eu)h^{g,G )M [Aip^iuo] - ^/’“'(mo)] 


2304V37r2 

(1 + t - 2t^)esh^mbM'^{uu)'ilj°‘'{uo) 

'—1 + t)mbM‘^ — + 2 t)ebmQml {{ss) — {uu))X2 


384V37r2 


+ 8(1 + 2t)e„/3^7r (ss)'0“ (wo) 


+ 


_772^ 

1152V3M27r2 ^~^ ^ (e«(ss) - e,(wM)) |(2 + t){glG'^)ml 

+ /37 - Qmlml) TT^ - 4(2 + t)ij'’{uo) + (1 + 2t)'tp'"{uo) 

- 13824 V 3 M% 2 ^~^ + t){glG‘^)mb (e„(ss) - e,(m)) |3(2 + t) 
+ 2/3^(3mo - 2ml)7r^ 4(2 + t)?/^^(Mo) - (1 + 2t)?/;“'(Mo) 


mlml 


+ 


2304 V 3 M 6 
13824 VSAfS' 


-1 + t)f:i^{glG^)mlml (e„(ss) - es(Mu)) 4(2 + t)^/’^(Mo) - (1 + 2 t)?/;“'(Mo) 


1 + t)h'y{glG‘^)mlml {eu{ss) - es{uu)) 4(2 + t)'tp'’{uo) - (1 + 2 t)^|J‘^'( uq) 


18432V37r2 


(-1 + t){g;G^)mb {es{ss) - eu{uu)) < 4 (-l + t)ii{S, 1 ) 


+ 2 2(—1 + t)ii{S, 1) — 3(1 + t)ii{Xi, 1) — 2 ii( 7 ' 2 , 1) + 3ii(73,1) + 2ii(74,1) + 8 ii{S, v) 
+ 2ii(5, v) + 6 ii(l~ 2 , v) — 6 ii(l~ 3 , v) — 12 j{h^) + t^2ii(72,1) + 3 ii(l~ 3 , 1) — 2ii(74,1) 

+ 4ii(iS,u) - 2ii{S,v) + 2 ii{T 2 ,v) - 6zi(73, v) + 4ii(74, v) - 4j(/i^)j + 3(1 + t)A'( 

(e„(ss) - e^inu)) { - (-2 + t + t^){glG‘^){ml - 2ml) 


2304V3mb7r2 

+ 18(-1 + t‘^)f 3 ^mlml 7 T^ - A'l/j^iuo) + iA“'(mo) 

The functions in {n = 1 , 2 ), and ji{f{u)) are defined as: 


ii{(f),f{v)) = j Vai J dv 4 >{ag,ag,ag)f{v) 6 \k-U q) , 
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where 


i(/(«)) 

X 

-‘-"ri 


Dai / dv(p{aq, ctg, ag)f{v)S"{k - %) 


duf{u) , 


/ Wo 




ds ■ 


■) 


k — (y.q “ 1 “ cXgV , 


+ M| ’ 




Ml Mi 

JIITmI ■ 
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Appendix B 

Expressions of the invariant amplitudes and 11^ entering into the mass sum rule for 
the negative parity heavy baryon. 


1) Coefficient of the structure 


nf = 


2567r4 


+ t{2 + 5f)] [m^Xs - 2 m^X 4 + X 3 ] | 


1927r4 

1 


30727r4 


[{g'^G^){l + t + f) - 18mb7r^(-l + {{ss) + {uu))] X 3 

mlM^ [-(£?^G^)(13 + lot + 13t^) + 288mbTT^{-l + t^) {{ss) + (uu))] X 2 




+ 


./ 


73728mfeM%4 f 

- 56(5f^G^)mQ7r^(-l + f) {{ss) + {uu)) | 


{ggG‘^)‘^mb{l + tf + 7Q8mbml{ss){uu)Ti‘^{—l + t) 


+ 

+ 

+ 


768MH^ 


{g;GGmb{-l + r)((ss) + {uu))Si 


uibUiQ {qIG"^) {{uu) + (ss)) (—1 + t^) + 88Amb{ss) {uu)'k‘^ {—1 


18432M%2 

+ tf{ss){uu) 

^ -,2_2/„2^2 


1728M8 

3456M10 

p-mllM'^ 


mb^o{gsG ){-l + t) {ss){uu) 


mbml{glG^){-l + tf{ss){uu) 

[{glG‘^) {{uu) + (ss)) (-1 + t^) + 82mb{ss){uu)Ti‘^{-l 


768mb7r2 

((mm) + (ss)) (-1 + f) [{{glG‘^) - 13m^m2) X 2 + Om^Xi] , 


2) Coefficient of the I structure 

+ *>" Kl4 - 2mjl3 + I 2 ] } 

+ gp) 2 ^ 4 '«j,AC{ 4 mg [{jjG^)(-l + t)^ + 72mi. ((fiu) + {as}) 7 r^(-l + t^)] I 3 - 3{sjG^)(-l + ()%} 

7p-^b/^^ 

+ + 4mo ((mm) + (ss)) 7r2(-l + f)] X 2 - 2{g‘^^G^){-l + t)^Xi| 
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- 73728M%^ "^^ + tf + 1536m2(ss)(wM)7r^(3 + 2t + 3t2)] 

+ i 8432M%2 ^^ ((m) + {ss)) (-1 + t^) 

- 32 ((^f^G^) — 12momft) {ss){uu){5 + 2t + 5t^)] 

+ i728M6 ^^ + 2 t + St^) 

-ml/M^ 

+ 576M8 + 2 t + 5t^) 

-ml/M^ 

- 345g^io ^fe"^o(^^s<^^)(^^)(^^)(5 + 2t + 5t^) 

-mllM^ 

+ 36864mb7r4 “ 1536m^(ss)(m)7r^(5 + 2t + St^) 

+ 96mb{g‘^G‘^) {{uu) + (ss)) 7r^(-l + t‘^)] . 


Expressions of the invariant amplitudes 11^ and 11^ entering into the mass sum rule 
for the negative parity heavy baryon. 


3) Coefficient of the 7 ! structure 


nf = 


2567r4 


(—3m^M®(5 + 2 t + 5t^) (X 3 — 2771 ^X 4 + m^Xs) 


+ [H9sG^)a + tn^ - lQ{9lG^)ml{l + f + e)X, 

- 32mb7r^(-l + t)(l + ht) {{ss) + {uu)) (-X 2 + m^Xs) 

+ 221184mfeM%4 + 768m2mb7r^(-l + t)(25 + 23t){ss){uu) 

— 8(5f^G^)7r^(—1 + t){{ss) + (mm)) m7o( 1 + 5t) + 12m^e”"6/^^(5 + t)Xi 

-mlfM^ 

+ 55296 ^ 4^2 0 [384mfe7r2(13 + llt)(ss)(MM) + {g'^sG^){31 + lit) {{ss) + (mm))] 

g—/Af^ 

+ 5184M6 ^SsG^'^^li-l + t)(13 + llf)(ss)(MM) 

+ ^T777T7z{glG‘^)'fnlml{-l + f)(13 + llt)(ss)(MM) 


+ 


5184M8 

10368M10 

^-mllM^ 

6912mfe7r^ 


{ggG‘^)mlml{—l + t)(13 + llf)(ss)(MM) 

(-1 + t)|( 5 f^G^)(l + 5t) {{ss) + (mm)) ^-1 + 
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— 3mb 327r^(13 + llt){ss){uu) + (^(^ss) + {uu)) [—6(1 + t)Ji + m^(7 + llt)X 2 ] | . 

4) Coefficient of the / structure 


112 — 


2567r4 


+ t)(13 + Ilf) (X 2 - 2mll3 + 771 ^X 4 ) 


921677^ 


mfeM"^(-l + t) - 96m^7r^(l + 5f)((ss) + {uu))!^ + {glG‘^){l‘i + Ilf) ( 3 X 2 - 4777 ^X 3 ) 


- 30727^4 ((ss) + (wm)) 1 + 5f + 7?7^e”^'/^"(5 + f)X2 

+ {glG‘^)mbe</^^ [-2(-l + f)Xi + 3m^(3 + 5f)X2] } 

-ml/M'^ r -1 

+ 221184M%4 "^^(~^ ^ + 13^) - 1536m^7r^(-l + t){ss){uu) 

H- 7 -T:^b{ 1152777,n77i?7r^(5 + 2f + 5t‘^){ss){uu) 

55296M%2 H 0 6V ;\ /\ / 

— {qIG"^) 9677^(5 + 2f + 5t^){ss){uu) + 7?7Q7?7f,( —1 + f)(29 + f) {{ss) + ("Um)) 

+ 1728M6 + "^6)(5 + 2f + ht^){ss){uu) 

+ 576M8 + 5f2)(ss)(m) 


,-mllM^ 


3456M10 

110592mfe7r4 


{giG^)mlml{h + 2f + 5r) (ss) (uu) 


{g‘^G‘^)‘^{ll + 2f — 13f^) — 4608771^77"^ (5 + 2f + 5t^){ss){uu) 


32(5'^G^)777b77^(-7 + f)(-l + f) ((ss) + (mm)) . 


where 
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Appendix C: Photon distribution amplitudes 

Explicit forms of the photon DAs [18]. 

r - 

^^{u) = Quu 1 + {u — u) , 

= 3[3(2m - if - 1] + ^(15^7 - 5w;;f)[3 - 30(2 m - 1 )^ + 35(2w - 1)^] , 

r(u) = |1 - (2u - 1)^|15(2« - 1)= - l||(l + - !<]) , 

A{ai) = 360Q;qaqQ;g 1 + wf^{7ag - 3) , 

V{ai) = 540wf{ag - afagUgUg , 
h^{u) = — 10(1 + 2 fA)C 2 {u — u) , 

A{u) = 40'U^'U^(3/« — /«^ + 1 ) + 8 (C 2 ^ — 3(2)[uu{ 2 + 13uu) + 2'u^(10 — IS-u + 6uf ln(M) 

+ 2#(10 - 15h + 6uf ln(h)] , 

120(3(^2 A C 2 )(®g Olg)OiqOiqOig , 

Tiioti) = 3Dal{aq - aq)[{K - k+) + (Ci - C^)(l - 2ag) + ( 2(3 - 4ag)] , 

Tfaf = - 120 ( 3(2 - C2^)(a5 - aq)aqaqag , 

Tfai) = 3Da^g{aq — (y.q)[{K + kA) + ((1 + Ci')(l — 20;^) + ( 2(3 — 40;^)] , 

S{ai) = 30q:^{(k + /«''')(1 — oig) + ((1 + Ci~)(l — Oig){l — 2ag) 

+ C2[3(ag - aqf - ag{l - a^)]} , 

S{ai) = -30aJ{(K - «+)(! - ag) + (Ci - Ci+)(1 - agfl - 2ag) 

4” ( 2 ( 3 ( 0 ;^ ^q) *^ 3(1 ^ 3 )]}' 

The parameters entering the above DA’s are borrowed from [18] whose values are v? 2 (l GeV) = 
0, wf = 3.8 ± 1.8, = -2.1 ± 1.0, K = 0.2, k+ = 0, (i = 0.4, (2 = 0.3, Ci+ = 0, and 

Cf = 0. 
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Figure captions 

Fig. (1) The dependence of the magnetic moment of the negative parity Eg —)■ A° transition 
on at several fixed values of t, and at sq = 40.0 GeV^, in units of nuclear magneton hn. 

Fig. (2) The same as Fig. (1), but at sq = 42.5 GeV^. 

Fig. (3) The dependence of the magnetic moment of the negative parity Eg tran¬ 

sition on cos 6*, at several hxed values of and at sq = 40.0 GeV^, in units of nuclear 
magneton ^Uat. 

Fig. (4) The same as Fig. (3), but at Sq = 42.5 GeV'^. 
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